It is demonstrated that the elastic diffractive scattering of nucleons at collision energies higher than 540 GeV and transferred momenta lower than 2 GeV, including the Coulombnuclear interference region, can be described in the framework of a very simple Reggeeikonal model where the eikonal is just a sum of two supercritical Regge pole terms. The predictive efficiency of the proposed approximation is verified.
Introduction
During the last several decades, perturbative quantum chromodynamics (pQCD) confirmed many times its usefulness as a powerful theoretical tool in the sector of high energies and high transferred momenta of strongly interacting particles. However, at present, a very large part of hadron physics cannot be treated in the framework of this quantum-field model. Particularly, to describe quantitatively the elastic diffractive scattering (EDS) of nucleons at high values of the collision energy and low values of the transferred momentum, we have to use phenomenological models which are not based on any analytic approximations within QCD. The absence of direct connection between these models and the fundamental theory of strong interaction very often reduces their predictive power. As a result, in 2011, many hadron diffraction models nicely described the available experimental data on the proton-(anti)proton EDS in the energy range from the ISR to Tevatron (with the collision energy increase in several tens of times), but failed completely to reproduce the behavior of the pp angular distribution in the region of the diffraction dip and non-forward peak at the LHC [1] . The discrepancy between the model predictions and the experimental data was so huge that it could lead to a justified conclusion about our total misunderstanding of the physical mechanisms of hadron diffraction (for detailed discussion, see mini-review [2] ).
Nonetheless, the fraction of EDS events in the total number of events at high-energy hadron colliders is so significant (∼ 25% at the LHC) that we still strongly need to develop reliable phenomenological approaches which could help to intepret properly the results of measurements in the high-energy hadron diffraction region. Of course, any model should be verifiable (and, certainly, discriminatable) on the available and forthcoming experimental data.
All the modern models of EDS could be divided into two groups: those ones based on Regge theory [3] and the non-Reggeon models. The references to various Reggeon and non-Reggeon phenomenological schemes can be found in a recent review [4] and in the RPP [5] . The aim of this paper is to verify the reliability of the two-Pomeron eikonal approximation proposed earlier in [6] . It will be done via application to the new EDS data sets produced recently by the TOTEM Collaboration [7] .
The model

The strong interaction subamplitude
The physical content of the two-Pomeron eikonal approximation is very simple and transparent. In the kinematic range wherein the Coulomb interaction may be considered negligible, the eikonal for the high-energy EDS of nucleons can be represented as a sum of two supercritical Regge pole terms. The first term corresponds to exchange by the so-called soft Pomeron (SP). This interaction is the basic cause of the visible growth of the proton-proton total and elastic cross-sections at high energies. The second term corresponds to exchange by the hard Pomeron (HP), also khown as the BFKL Pomeron. A detailed discussion of the considered model can be found in [6] . Below we just give a recipe for calculation of the EDS angular distributions in the framework of this approximation:
, where s and t are the Mandelstam variables, b is the impact parameter, s 0 = 1 GeV 2 , J 0 (x) is the Bessel function, α SP (t) is the SP Regge trajectory, g SP (t) is the SP coupling to nucleon, α HP (0) is the intercept of the HP Regge trajectory (it was argued in [6] why the t-dependence of α HP (t) is negligible in the region of EDS),
are the signature factors for even Reggeons, δ N is the eikonal (Born amplitude), and T N is the full amplitude related to strong interaction. The HP intercept can be extracted from the data on the proton unpolarized structure function F p 2 (x, Q 2 ) [8] at high values of the incoming photon virtuality Q 2 and low values of the Bjorken scaling variable x: α HP (0) ≈ 1.32 [9] . In the region of low negative t, the unknown functions α SP (t), g SP (t), and β HP (t) may be approximated with the help of the following simple test parametrizations [10, 6] :
Parameter Value
where the free parameters take on the values presented in Table 1 .
The impact of electromagnetic interaction
To describe the EDS of protons in the region of Coulomb-nuclear interference we need to take account of electromagnetic interaction.
In the framework of the eikonal approach, the full amplitude of the proton-(anti)proton EDS in the coordinate representation has the following structure:
where δ C (s, b) ∼ α e is the tree level subamplitude of electromagnetic interaction, and α e is the fine structure constant.
At large enough values of the impact parameter, electromagnetic interaction dominates: Fig. 1) , and, consequently, this term is negligible as compared with the first two ones. Thus, finally, we come to the leading approximation of the full (electromagnetic + strong) amplitude in the entire kinematic range of EDS:
In other words, we neglect the Coulomb-nuclear interference in the amplitude level. It should be noted here that such a negligibility is a model-dependent effect. In the framework of many models, the corresponding terms are expected to yield a significant contribution into the full amplitude (for detailed discussion, see, say, [11] and references therein).
In the transferred momentum range 0 < √ −t < 2 GeV, the Coulomb term can be approximated by a simple expression
where F E (t) = 1 − t 0.71 GeV 2 −2 is the dipole electric form-factor of proton.
Verification of the model 3.1. The model predictions versus the newest experimental data
To check the model efficiency, we need to compare the model predictions with the new data [7] on the proton-proton EDS at √ s = 13 TeV. The results of such a verification (without refitting) are presented in Fig. 2 .
The data description quality in terms of the method of least squares is χ 2 = 1796 over 428 points (the description quality in the range √ −t < 0.1 GeV is χ 2 = 18 over 25 points). Hereby, we observe a rather weak deviation of the model curves from the experimental data.
The model predictions for the pp total cross-section and for ρ = . It should be noted here that extraction of these quantities from the experimental angular distributions is a strongly model-dependent procedure. The model predictions [6] versus the TOTEM data at √ s = 13 TeV [7] . The dashed line corresponds to the case δ C (s, t) = 0.
The results of refitting
The next step is to refit the model parameters to the enlarged set of data. The results are presented in Tables 2 and 3 and Fig. 3 .
The main cause of the observed slight discrepancy between the model issues and the experimental data is, certainly, the stiffness of the used parametrizations for the SP Regge trajectory and the SP coupling to proton. More flexible parametrizations could result in a better description of the data, though one should keep in mind that the true analytic behavior of α SP (t), g SP (t), and β HP (t) remains unknown. Nonetheless, the simplicity of test functions (2) makes them very attractive for usage in the region of low negative t, while the achieved quality of description makes the model quite suitable for rough estimations and predictions of the nucleonnucleon EDS observables at ultrahigh energies. 
Parameter Value
α SP (0) − 1 0.1055 τ a 0.572 GeV 2 g SP (0) 14.7 GeV a g 0.32 GeV −2 β HP (0) 0.108 b 1.55 GeV −2 α HP (0) − 1 0.32 (FIXED)
Conclusion
In the light of the aforesaid, we may conclude that the two-Pomeron eikonal approximation successfully confirmed its predictive efficiency and, thus, it can be considered as a simple and reliable phenomenological tool for qualitative description of the nucleon-nucleon EDS at ultrahigh energies. The test functions α SP (t) and g SP (t) with the free parameter values fitted to the available data can be used in the framework of Reggeon models for more compound reactions, such as high-missing-mass single diffractive dissociation (SDD) or central exclusive production (CEP) of low-mass neutral mesons.
